BACKGROUND: National guidelines endorse colonoscopy as the only colorectal cancer (CRC) screening test which prevents CRC and evaluates the entire large bowel. However, little is known regarding patient compliance with a screening program that exclusively uses colonoscopy, particularly in an underserved population. The Connecticut Department of Public Health provided funds for the total cost of colonoscopies, patient navigators and education of staff and primary care providers. With cost and provider barriers removed, we were able to examine patient related factors influencing compliance with colonoscopy in an ethnically diverse sample of underinsured adults. OBJECTIVE: To determine what patient related factors are predictors of compliance with screening colonoscopy. DESIGN: Cross sectional retrospective study. PARTICIPANTS: Underinsured patients (50-64 years) visiting nine Connecticut community health centers (CHCs) were evaluated for medical eligibility for screening; eligible patients were offered a free colonoscopy. MAIN MEASURES: Patients were deemed non-compliant if they refused, canceled or did not show for the colonoscopy. Obesity (Body Mass Index≥30), educational attainment, gender, race, ethnicity, previous screening and social ties were examined as primary risk factors for compliance. KEY RESULTS: Of 424 uninsured patients (62% female, 21% White, 26% Black, 53% Hispanic), 354 were eligible for colonoscopy. Among eligible patients, 263 (74.3%) were compliant. Obese patients were more likely than non-obese patients to be noncompliant with colonoscopy (adjusted odds ratio= 2.16; 95% Confidence interval= 1.20-3.89). A high school education was positively correlated with increased compliance social ties such as having a spouse, significant other, family or friend also increased compliance. CONCLUSIONS: In an ethnically diverse, uninsured population, obese patients and patients with lower educational attainment were less likely to comply with free colonoscopy. These patients require special attention in colonoscopy-based CRC screening efforts.
1,2
Colonoscopy is the only recommended test that evaluates the entire bowel and prevents CRC Given current recommendations 1, 2 , as well as health care access barriers in lower socioeconomic groups, many public health programs have been designed to screen underserved populations for CRC using colonoscopy. 3, 4 The Patient Protection and Affordable
Care Act as well as the CDC funded efforts have added CRC screening to existing breast and cervical programs. This will make screening colonoscopy more accessible to underinsured populations.
Despite efforts to endoscopically screen these populations, little is known regarding predictors of patient compliance with colonoscopy in medically underserved populations. Barriers to screening can be practitioner based 5, 6 such as a lack of access to referral for endoscopic screening as well as a deficit in knowledge regarding screening. 7, 8 In addition, there are systems based barriers such as scheduling, financial, transportation, and language difficulties. 9 Finally, there are patient related factors such as age 5, 6, [10] [11] [12] , gender 6, 11, [13] [14] [15] [16] , race 6, 14 , ethnicity 6, 11, 17 , health insurance 6, 10, 11, 17 , marital status, education level 6, 11, 17 , co-morbid illnesses 7 and lifestyle characteristics 18, 19 , such as smoking 6, [10] [11] [12] and obesity. 20, 21 Accordingly, we examined factors that were associated with compliance with free screening colonoscopy in an ethnically diverse sample of uninsured adults. In this program, funds paid for patient navigators and education for providers and staff, removing many known system and provider barriers. Thus, compliance for colonoscopy in this program could provide information regarding patient factors. Our goal was to examine the patient related factors that could predict non-compliance with colonoscopy in an underserved population.
METHODS

Demonstration Project Description
The nine participating CHCs were located in urban settings in Connecticut. Eight of these were designated as Federally Qualified Health Centers. The Connecticut Department of Public Health supported the colonoscopy screening program in these CHCs between December 2008 and June 2009. The grant paid for the total payment of the colonoscopies as well as education of providers and staff. Education was provided through didactic sessions or conference calls. This included information regarding eligibility, scheduling procedures and preparation for endoscopic procedures. The grant paid for a medical director who educated providers and staff, screened patients and assisted in the medical care and follow up. The grant did not provide transportation or an accompanying driver.
Patient Eligibility
CHC staff evaluated patients' eligibility which required patients to be underinsured Connecticut residents aged 50-64 years. Underinsured was defined as having no health insurance or health insurance that did not cover colonoscopy. Medically eligible patients had to be medically stable, have no lower gastrointestinal complaints, and they could not have had a colonoscopy or flexible sigmoidoscopy in the previous ten years. However, patients who had other CRC screening tests such as FOBT were eligible. Eligible patients were invited either by their primary care practitioner or a bilingual patient navigator for a free colonoscopy. A preendoscopy form included age, gender, height and weight collected by a clinical assistant, ethnicity, race, language, marital status, next of kin, educational level, family history of CRC and other cancers, previous CRC tests, smoking history, alcohol use, gastrointestinal symptoms, medical problems, systems review, and medications including those for anti-coagulation. The form recorded patients' overall eligibility, practitioners' recommendation for the colonoscopy, and patients' assent or refusal for the colonoscopy and was reviewed by the medical director.
Endoscopy Scheduling
Bilingual patient navigators, paid by the grant, facilitated the process of scheduling and instructing the patients with respect to the preparation for the procedures. These navigators gave patients procedure dates and times, explained the cleansing process and provided directions to the endoscopy appointments. We used an open endoscopy model, booking patients directly without an office visit with the gastroenterologist. Participating gastroenterologists attended seminars regarding quality of colonoscopy lead by the medical director. The participating gastroenterologists promised to provide endoscopy appointments within 2 weeks of the visit with the primary practitioner. The eligibility form was confirmed by a gastroenterologist who reviewed preendoscopy forms. Endoscopy reports were sent back with data regarding patients who cancelled or did not show to the appointment.
Study
The Institutional Review Board of the University of Connecticut Health Center approved our study. No consent was required since we de-identified all patient data prior to conducting any analyses. This included data collected in the process of evaluating patients for medical eligibility for colonoscopy screening and findings of completed open endoscopies.
Variable Measurement and Data Analysis Procedures
Our main outcome was patient non-compliance, determined by whether they attended their colonoscopy. Patients were considered non-complaint if they: refused at the time they were offered the free colonoscopy screening; made but then canceled the screening appointment without rescheduling; or made but did not show for the appointment. The time period for assessing compliance was the 6 month period of funding during which colonoscopies were scheduled. BMI was calculated as (weight in kg) / (height in m) 2 and obesity was defined as BMI≥30. Although we examined BMI by four groups (< 25, ≥ 25 to<30, ≥ 30 to<35 and≥35), our final analyses used obese vs. non-obese patients based on literature and clinical significance. Additional covariates included gender (male or female), race (white, black, Asian or other), ethnicity (Hispanic vs. nonHispanic), education (high school or less), language spoken (English, Spanish or other), employment status (unemployed, part time or full time), next of kin (spouse/significant other, family, friend or none), smoking status (current, quit or never), alcohol use (drinks per week), aspirin use (yes or no) , medication use (yes or no), multivitamin use, location of procedure (site number), medical illnesses (yes or no for medical conditions) family history of CRC (age and relative) and past CRC screening (type of test, year performed and outcome). We first conducted bivariate analyses using Chi square tests to determine which independent variables were associated with compliance. For predictors with more than two categories, each category was compared to all other categories combined to determine associations with compliance. Next, univariate logistic regression models tested for unadjusted predictors of compliance. We then conducted multivariate logistic regression analysis with compliance as the dependent variable, entering into the model, all covariates with p values≤0.1 included in univariate logistic model tests. Correlations coefficients among predictor variables revealed a significant relationship (r =0.95) between race and language; therefore, race and not language was initially used in the model. Odds ratios and 95% confidence inter-vals indicated the effect of each predictor and whether it met statistical significance. Tests with a p-value of less than 0.05 were considered statistically significant. Statistical Package for Social Sciences (SPSS) software was used to analyze all data (version 17.0).
Since studies examining compliance in CRC have observed differences between men and women 21, 22 , we divided gender into two separate regression models to assess compliance among men and women separately. Additionally, we further examined compliance after stratifying by race/ethnicity.
RESULTS
A total of 424 patients (62% female, 53% Hispanic, 27% African American) were evaluated for medical eligibility. Of these, 70 patients were deemed medically ineligible due to being medically unstable, having gastrointestinal symptoms, or having had previous endoscopic screening. There Having a high school education, and having a spouse or significant other, were each associated with compliance with colonoscopy screening (both p<0.05). Older age and having had previous CRC screening approached statistical significance with respect to compliance (all p<0.10). When compared to non-obese patients, people who were obese were less likely to have some high school education, to have past CRC screening, to be non-compliant and more likely to speak English and have diabetes. When examined across the 4 BMI groups the prevalence of high school education was 85.1%, 66.6%, 61.4% and 59.7%, respectively (p=0.02 by Chi-Square). Table 2 shows results of univariate and multivariate logistic regression model analyses where compliance or non-compliance was the dependent variable. Because they were associated with compliance at the bivariate level (at p< 0.10), the following predictors were included in the multivariate logistic regression model: obesity, educational level, next of kin, age, and past CRC screening. Due to differences between obese and non-obese patients, we also added language and diabetes mellitus. In addition, we added smoking, gender and employment due to their importance in compliance. After multivariate analysis, obese patients were more likely to be non-compliant with screening than non-obese patients (OR=2.16; 95% CI=1.20-3.89). Patients with spouses, friends, and other family were significantly (p <0.01) more likely to attend a colonoscopy than patients without next of kin. In addition, those patients with a High School education were less likely to be non-compliant than those with less education (OR=0.55; 95% CI=0.-0-0.98). When we analyzed compliance by gender, we observed that obese men (OR= 2.27; 1.04-4.55) were as likely to be non-compliant as obese women (OR=2.70; 1.-2-4.54).We specifically tested for the interaction between obesity and education with regard to noncompliance and found no significant relationship.
With respect to subgroup analyses by race and gender, we found that obese white women were more likely to be noncompliant with colonoscopy than their thinner counterparts. This was not observed in black or Hispanic women. With respect to men, obese Hispanic men were the least likely to be compliant when compared to their thinner counterparts. These results are shown in Fig. 1 .
DISCUSSION
In this study of uninsured adults who were offered a free screening colonoscopy, we found that obese patients (BMI≥30) were less likely than non-obese patients to comply with endoscopic CRC screening. Not having a high school education and not having social ties were also associated with lower compliance for screening. In addition, we observed that obese Our study provides unique data regarding the compliance with CRC screening using colonoscopy. These data are important since colonoscopy is the preferred test recommend by the ACG. 2 Previous studies examining compliance of obese patients were performed primarily examining FOBT, sigmoidoscopy 21 with a few examining a combination including colonoscopy.
22,23
Moreover, we found that, among patients who had a colonoscopy, obese patients were 4 times more likely to have an adenoma (OR=3.62; 95% CI=1.71-7.68). This finding supports our previous studies demonstrating obesity as a significant risk factor. 24, 25 Our findings also underscore the importance of screening in obese patients. While family history and age have been accepted as the important risk factors to be considered when screening for CRC, obesity may be also be an important factor. 24 The most recent guidelines from the ACG have highlighted obesity as an important risk for CRC. 2 Their recommendation that obese patients may need earlier screening was tempered only by the recognition that these patients may have co-morbidities that decrease the benefit from screening. Obesity is a risk factor which will be increasingly important due to the rising prevalence in the United States. 26 Thus, having novel data regarding compliance with colonoscopy is important for potential new paradigms regarding CRC screening. We observed a decrease in compliance rate among obese patients for both the genders. Rosen and colleagues observed decreased compliance among obese women but not men for any CRC test. 22 Heo et al. found a decreased compliance for sigmoidoscopy among obese women but an increased compliance for obese men. 21 Ferrante et al. observed a decreased rate for both genders 23 for any CRC screening which included fecal occult blood test within 1 year, sigmoidoscopy within 5 years, colonoscopy within 10 years, or barium enema within 5 years.
Our findings are unique since we focused only on colonoscopy as a screening method. We did observe a difference between the races with obesity having the greatest negative impact on white women. James et al. have observed that within an African American population, higher weight was inversely correlated with CRC screening. 27 Although there have been few studies specifically examining the issue of obesity, gender, ethnicity and race and compliance for CRC screening, there have been studies examining mammography. Some studies observed that the deterring effect of obesity on screening was observed in white women and not in black women. 28 The authors hypothesized that this may be due to differences in body self-perception between black and white women. It has been shown that obese women may defer screening for breast or cervical cancer due to poor body image or embarrassment. [29] [30] [31] We believe that given the nature of the colonoscopic exam, this factor may have played a role in our results as well. There are many implications regarding our findings with regard to obesity and compliance. One logical conclusion might be to screen obese patients with another screening test other than colonoscopy. This may not be a panacea since other studies have observed a decrease in compliance among obese patients with other CRC screening tests such as FOBT and flexible sigmoidoscopy. [21] [22] [23] Future studies will need to explore this issue. We also observed a strong association between compliance and having a social network in the form of a spouse, significant other, friend or family. This finding has been observed in other studies involving African Americans. 32 Having this type of social support is especially important with regard to CRC screening with colonoscopy due to the sedation required. Thus having someone to drive and accompany the patient is crucial.
Among the strengths of our study was the removal of known system barriers such as scheduling, preparation 9 and financial barriers. 8, 9 Previous studies did not control for the insurance status of the patients which could represent a barrier to screening independent of obesity. 21, 22 The removal of systems barriers was achieved through the use of patient navigators which have been shown to increase the compliance in similar populations. 33 Thus, we optimized our screening program to decrease the effect of known systems barriers for patients' compliance. In addition, the participating gastroenterologists agreed to provide endoscopic appointments within a specified time period to increase compliance. With regard to practitioner barriers, the grant also provided funds for educating staff and providers with regard to CRC screening thus reducing any provider related factors. All medically stable patients were advised to have a colonoscopy by their primary care practitioner, regardless of their status Removal of the systems and practitioner barriers allowed us to isolate patient factors. We examined many patient related factors such as socioeconomic and health-related factors known to influence CRC. The data collected included age, gender, race, ethnicity, language spoken, educational level, medical problems, family history of CRC, a history of other previous CRC screening tests, smoking status, alcohol use, and availability of next of kin. Moreover, our observations were made in an ethnically diverse group of uninsured patients, many of whom did not speak English.
The main limitation of our study was that it did not address why patients were non-compliant with screening. In addition, the retrospective use of a database may not account for confounding variables, limiting generalizability. For example, language differences between the obese and non-obese patients may have biased the outcome. Since there were more non-English patients in the non-obese group, it is possible that the bi-lingual navigator might have biased the results. Our study could not account for those patients with no transportation, accompanying driver or those who could not take time from work. In addition lack of compliance with screening may be associated with other poor lifestyle choices. 29 Although we did not have data related to exercise and diet, we did examine smoking and co-morbid illnesses and found no significant effect from these factors upon the compliance with screening. The thinnest group (BMI<25) had the highest compliance rate, perhaps related to healthier lifestyles. This group also had the most people with a high school education.
In summary, we observed that obese patients were less likely to comply with screening using colonoscopy. These pilot data may aid in generating hypotheses and developing future studies examining compliance with screening. Ensuring screening of this high risk population may drastically reduce CRC rates. Future studies should examine the reasons for this noncompliance among obese patients, with a focus on educational level and lifestyle factors.
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